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Recent Cycle Periods

Abnormally long?



Spotless Days

Abnormally quiet?



Polar Fields

Weakest on record (at cycle minimum).



Total Solar Irradiance

Lowest on record.



Will there be a cycle 24?



Yes, Virginia, there is a Cycle 24

Cycle 24 sunspots have dominated the last three months.
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Solar Cycle Characteristics



Cycle Periods

Sunspot cycle periods are normally distributed with an average of

131 14 months. The traditional 13-month smoothing (filled circles)

leaves a gap (dashed lines) around the average. A 24-month

Gaussian smoothing (open circles ) leaves no gap.



Spotless Days

Many of the earlier cycles had far more spotless days than we’ve 

seen leading up to Cycle 24. This is not unusual.



Cycle Amplitudes

Cycle amplitudes from Group Sunspot Numbers (filled circles) are

normally distributed about an average of 90 40. Cycle amplitudes

from International Sunspot numbers (open circles) are skewed

toward higher values with an average of 114 40 and a gap below 40.



Cycle Shapes

The Average Cycle (obtained by stretching or compressing each

cycle to the average period and amplitude and averaging over all

cycle at each month since minimum) is asymmetric. The initial

rise is cubic in time. Maximum is achieved 4 years after minimum.

The fall back to minimum is exponential and takes 7 years.



Rise Time (Amplitude)

The Rise Time – from minimum to maximum – of a sunspot cycle 

is inversely proportional to the cycle amplitude.



Cycle Overlaps

Sunspot cycles overlap at minimum. The first sunspot group of a

new cycle typically appears at high latitudes (>25 ) about 18 months

before minimum. The last sunspot group of an old cycle typically

appears at low latitudes (<10 ) about 16 months after minimum.



Minimum (Amplitude)

The smoothed sunspot number at minimum is related to the 

amplitude of the following cycle.



Period (Amplitude)

The period of a cycle is related to the amplitude of the next cycle.

Big cycles tend to start early and rise rapidly – leaving behind a 

short cycle and a high minimum.

(These last two characteristics suggest a small Cycle 24.)



Hemispheric Asymmetry

The fact that activity is stronger in one hemisphere or the

other is not surprising. Yet, the MHD source of the

asymmetry is uncertain and the hemispheres must be

linked since they never get out of phase by much.



Active Longitudes

Active regions often erupt at locations near previous eruptions. 

Sunspot areas show enhancements (> 1σ) at fixed longitudes.



Magnetic Characteristics



Magnetic Polarity - Hale’s Law

The magnetic polarity of the leading sunspots in active regions

switches from one hemisphere to the other and from one cycle

to the next.



Magnetic Polarity- Joy’s Law

Active regions are tilted with the leading spots closer to the equator

than the following spots. This tilt increases with latitude.



Polar Field Reversals

The magnetic polarities of the Sun’s poles reverse from one cycle to

the next at about the time of sunspot cycle maximum. The source of

these reversals is the transport of following (higher latitude by Joy’s

Law) polarity magnetic elements to the poles by a meridional flow.



Long-Term Variability



Secular Trend

The Group Sunspot Numbers (Hoyt and Schatten) in particular show 

an upward trend in cycle amplitudes that suggests a large Cycle 24.



The Gleissberg Cycle

Several multi-cycle periodicities have been suggested – 8-cycles

(Gleissberg), 2-cycles (Gnevyshev & Ohl), and 3-cycles (Ahluwalia) in

particular. The 2- and 3-cycle periodicities explain little of the

variation in amplitude. A (currently) 9.1-cycle periodicity may be

present.



The Maunder Minimum

The existence of the Maunder Minimum is now well established by

the efforts of Hoyt and Schatten. They have tabulated daily

observations with nearly complete coverage over the period of the

Maunder Minimum (1645 to 1715). Observations of sun-like stars

also indicate similar periods of inactivity.



Radioisotope Studies

Radioisotopes (Beryllium-10 in ice cores and Carbon-14 in tree rings) are

produced in the Earth’s atmosphere by Galactic Cosmic Ray collisions

which are anti-correlated with the sunspot cycle. 10,000-year (model

dependent) reconstructions of solar activity from these records indicate

about 25 Grand Minima over this time period – about 1 every 400 years.

Are we due for another Grand Minimum?



Predictions



Prediction is very difficult,                 

especially about the future.

Yogi Berra

It ain’t over ‘til it’s over.
Yogi Berra

If I hadn’t believed it,

I wouldn’t have seen it.

Yogi Berra



Prediction is very difficult,                 

especially about the future.

Niels Bohr



Forecasting an Ongoing Cycle

Auto-regression using differences from the mean cycle profile (e. g. 

the Modified McNish-Lincoln method used by NOAA) or curve fitting 

using parametric curves that mimic the cycle (e. g. the 2-parameter 

curves used by Hathaway, Wilson, and Reichmann) work well once 

the cycle is well underway (2 to 3 years after minimum).



Precursor Techniques
Techniques other than curve-fitting or auto-regression are

needed to predict cycle amplitudes at times near or before

sunspot minimum.

1) Use the average cycle.

2) Use trends or periodicities in cycle amplitudes.

3) Use information from cycle statistics. 

4) Use information from other cycle indicators,

specifically the geomagnetic indices and polar

fields.

5) Use flux-transport dynamo models with 

assimilated data



Geomagnetic Precursors

Geomagnetic activity around the time of minimum seems to give

an indication of the size of the next maximum. Ohl (1966) found

that the minimum in the geomagnetic index aa could predict the

next maximum.



Thompson’s Method

Thompson (1993) found that the number of geomagnetically

disturbed days during a cycle (as defined by days with Ap ≥ 25)

was proportional to the sum of the amplitudes of that cycle and

the future cycle.



Feynman’s Method

Feynman (1982) suggested a 

method for separating 

geomagnetic activity into a solar 

cycle component and an 

“Interplanetary” component. This

Interplanetary component is a 

good predictor of the solar cycle.



Prediction Method Cycle 19 Cycle 20 Cycle 21 Cycle 22 Cycle 23 RMS

Mean Cycle -94.8 -9.1 -53.5 -48.6 -10.1 53.7

Secular Trend -91.6 8.7 -36.2 -25.3 17.8 46.3

Gleissberg Cycle -80.4 18.5 -51.6 -51.1 -9.6 49.4

Even-Odd -59.3 -22.3 61.1 50.8

Amplitude-Period -74.1 0.3 -61.2 -25.3 9.7 44.7

Maximum-Minimum -83.9 21.6 -22.9 -15.0 1.8 40.6

Ohl's Method -55.4 19.1 21.8 4.4 22.2 29.7

Feynman's Method -42.8 9.6 26.9 3.6 41.1 29.5

Thompson's Method -17.8 8.7 -26.5 -13.6 40.1 24.1

In Hathaway, Wilson, & Reichmann (1999) we tested the available

precursor techniques by:

1) Backing up in time to the beginning of each of the last five

cycles.

2) Using only information from earlier times, recalibrate each

technique and apply the results to that cycle.

Prediction Method Errors (Prediction-Observed)

Testing Precursor Techniques



Polar Field Strength Precursor

Schatten et al (1978, with many papers following) have used the strength

of the polar fields near the time of minimum to predict the amplitude of

the following maximum. This technique could not be tested like the

others due to the lack of data prior to the mid-1970s. Published results

have errors similar to those of the geomagnetic precursors.

Prediction Errors

Date Error Cycle

1978 -24.5 21

1984 -47.5 22

1987 11.6 22

1993 49.3 23

1996 17.3 23

1998 32.3 23

RMS 33.6



Cycle 24 Precursor Forecasts

• Both the Cycle 23 Prediction Panel and the Cycle 24 Prediction 
Panel gave little weight to precursors other than Geomagnetic 
and Polar Fields (for Cycle 23 they all gave similar predictions)

• Feynman’s Geomagnetic Precursor gives 154 25. Thompson’s 
Geomagnetic Precursor (assuming August 2008 as minimum) 
gives 115 27. The Combined Geomagnetic Precursor (the 
average of Feynman and Thompson as suggested by 
Hathaway, Wilson, & Reichmann, 1999) gives 135 30.

• Polar Field Strength (Svalgaard, Cliver, & Kamide, 2005 give an 
error of 8 but this represents the error in the measurement of 
the polar field, not the error in the accuracy of the prediction) 
gives 75 30.



Dynamo Based Forecasts



The First Dynamo Prediction

Dikpati, de Toma & Gilman (2006) have fed sunspot areas and

positions into their numerical model for the Sun’s dynamo and

reproduced the amplitudes of the last eight cycles with

unprecedented accuracy (RMS error < 10).

Cycle 24 Prediction ~ 165 15



1. They used our data for sunspot areas – which were 20% high

for cycle 20. Their prediction for cycle 20 fit the erroneous

value and later cycles were also predicted accurately in spite

of the error in the input data. (They later ran the prediction

again with the corrected values and found that the predictions

didn’t change too much.)

2. They kept the meridional flow speed constant. Yet, they allow

it to change in cycle 23 and find a 10% change in the

prediction. Similar variations in meridional flow speed should

have occurred in the past.

Given these caveats an independent confirmation of the 

model is needed.

Caveats



The Second Dynamo Prediction

Choudhuri, Chatterjee, & Jiang (2007) ran a similar dynamo

model but one more dominated by diffusion. In an effort to

assimilate real data they change the strength of the poloidal field

at cycle mimimum to match the observed polar fields.

Cycle 24 Prediction ~ 75



1. They instantaneously change the poloidal field throughout

most of the convection zone at each minimum. This

effectively erases memory of previous cycles.

2. Their standard dynamo model gives 14-year cycles. They

tweak their parameters in these calculations to give 11-year

cycles but don’t indicate how these changes influence other

aspects of their model’s fit to observations.

3. They only have 3 cycles for comparison.

A more interesting way to run this model would be to vary the

meridional flow speed to produce the observed changes in

polar field strength.

Caveats



Independent Studies

• Cameron & Schüssler (2007) used a 1D (Latitude and time) flux

transport model to test the Dikpati, deToma, & Gilman (2006)

prediction. They found that the flux diffusing across the

equator was a good predictor but that the accuracy of the

prediction faltered when more realistic parameters were used.

• Yeates, Nandy, and Mackay (2008) used a 2D flux transport

model (the same code used by Choudhuri, Chatterjee, & Jiang)

and compared meridional flow dominated vs. diffusion

dominated regimes. They favored the diffusion dominated

regime.



Cycle 24 Predictions

Based on minimum in August of 2008. A large cycle (sunspot number

~ 135) would then peak in 2012 while a small cycle (sunspot number ~

75) would peak in 2013.



Conclusions

 Geomagnetic precursors have been reliable in the past

and indicate an amplitude of 135±30 for cycle 24.

 Polar field strength has been reliable in the past and

indicates an amplitude of 75±30 for cycle 24.

 Flux Transport Dynamo models dominated by the

meridional flow “predict” the last 8 cycles with very reliably

and indicate an amplitude of 165±15 for cycle 24.

 Flux Transport Dynamo models dominated by diffusion

“predict” the last three cycles very reliably and indicate an

amplitude of 75±30 for cycle 24.

 Cycle 24 may help to distinguish between these models.

We should know by the end of 2010.


